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Difficulties With Use of PTH and PTH, for the Prevention 
and Treatment of Osteoporosis 

1. Mechanism of Action 

PTH and PTH, are stimulators of bone turnover; they affect both osteoblastic formation 

(in trabecular bone) and osteoclastic resorption (in compact bone) [l-3]. The principal 

result of increased PTH levels is a thickening of trabecular bone, but with decreased 

mineralization. Compact bone is adversely influenced; experimental studies over the past 

70 years have shown that PTH excess i[a.ssociated with endocortical erosion, decreased 

mineralization, and increased porosity [4-71. In rats, without Haven&n remodeling, the 

potential for decreased strength is much less than in humans [6]. The mechanism of 

action and skeletal effects are comparable to high-dose fluoride administration, and 

in this regard at least PTH and PTH’, could be called “fluoride mimetics.” 

2. Skeletal Effects 

Studies in both primary and secondary hyperparathyroidism in humans, and animal 

models, show overall loss of bone. There have been several hundred studies showing this 

loss. Even the modest elevation of PTH in lactating women is associated with both spine 

and femoral loss [8]. The episodic administration of exogenous PTH leads to thickening 

of trabecular bfone in vivo, but loss of compact bone. This loss has been demonstrated in 

several studies when PTH is given without a concomitant antiresorptive agent [9- 131. In 

the latter studies, there was a 5 to 10% increase of spine BMD (by DEXA), but a 2 to 4% 

decrease of total body BMD, over a one-year period (see Figure below). The latter 

represents a truly profound loss in total body calciurnreserves. This loss of compact bone 

can be prevented by concomitant administration of an antiresorptive agent such as 

estrogen or a bisphosphonate [ 13- 181, as is also the case with fluoride [ 19,2 I]. 
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PTH AND ALENDRoNATE TREATMENT OF OSTEOPOROSIS 
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Figure 1. BI& (percent change from baseline; mean f SEM) in postmenopausal women 
given 100,75, or 50 pg PTH or placebo during the first year followed by 10 mg 
alendronate daily during the second year. Month 12 data represent the changes observed 
after 1 yr of PTH or placebo. Month 18 and month 24 data represent the changes 
observed after an additional 6 and 12 months of alendronate treatment, respectively. 

“PcO.05; **p<o.o1; ***P<O.OOl (compared to placebo/alendronate group) 

From R&master et al, J Clin Endocrinol Metab, 2000;85:2 129-2134. 
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3. Fracture Consequences 

The skeletal consequences of the spinal hypertrophy produced by unopposed PTH are 

unclear but must be presumed to be comparable to those effects of high-dose fluoride, 

where fracture rates were actually increased. The reasons are likely to be the same. 

It should be noted that biochemi&l markers of bone turnover are increased significantly 

by PTH/PTH,. High turnover, such as that produced by both high-dose fluoride or 
j 

PTH, appears to be an independent risk factor for fracture according to several 

studies [22]. Trabecular hypertrophy does not compensate for the endocortical erosion of 

the thin (0.3 mm) rim of compacted bone about the vertebral body. The fracture 

consequences of PTH./PTH, for other areas, such as the proximal femur, are even less 

clear. High-dose fluoride is known to mcrease fracture rates of the proximal femur, and 

this may also occur with PTH. The fact that femur BMD by DEXA increases is no 

indication of fracture resistance in this case because femur BMD cannot indicate the 

structural defect caused by cortical porosity or endocortical resorption. Small point 

defects in the compact,bone of the proximal femur have now been pinpointed as the 

critical factor in strength of fracture resistance [23,24]. Similarly measurements by 

conventional QCT cannot indicate whether there is loss or preservation of compact bone. 

One well-known partial-volume artifact, produced by thickened trabeculae and/or 

increased red &arrow, can cause the artificial appearance of increased compact bone with 

PTHLPTH, treatment [25]. Even extremely high-resolution QCT, would not allow 

evaluation of the microscopic effects on the 1 mm thick wall of the proximal femur, the 

region that is critical to fracture. Several studies have shown an increased rate of fracture, 

particularly osteoporotic fracture of the ribs, pelvis, and vertebra in patients with mild 

primary hyperparathyroidism [26-291. Consequently tiie endpoints of trials using PTH 

and PTH, as osteoporosis agents must be clinical fracture rather than BMD 

increase. 
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4. Safety Concerns 

Extensive studies have been done in patients with primary and secondary 

hyperparathyroidism that suggest the nature of safety studies that must be done in any 

clinical trials of PTH and PTH, even though the doses may be both episodic and low. It 

must be remembered that the biological effects of episodic dosing is high (since PTH 

release in vivo is episodic); it mu&ot be assumed that the safety effects would be 

minimal since so long as the trabecular hypertrophy effect is fairly large. 

Patients with secondary hyperparathyroidism are known to suffer from: (1) increased 

fracture rates [26-291, (2) increased heart disease [28-3 11, (3) increased extraskeletal 

calcification, (4) psychiatric disorders [29,32], (5) muscular weakness [33,34], and (6) 

increased risk of cancer [35-40]. Some of these ailments have been ascribed as secondary 

to renal disease (or the use of calcium salts for binding phosphate). However, these same 

disorders are evident in patients with mild primary hyperparathyroidism. Of particular 

concern is the growing evidence that elevated PTH may of and by itself be a cancer 

promoter [37], much as growth hormone is a cancer promoter. The net effect of mild 

hyperparathyroidism is an increased death rate [4 1,421. 

All clinical trials involved with PTH should require extensive monitoring for: 
.f 

(1) extraskeletal calcification 

(2) cancer 

(3) tiactures 

(4) psychiatric disorders 

(5) muscle weakness 

(6) hypertension 

(7) heart disease 

(8) death rate 
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Moreover, any Phase IV studies of PTH/PTH, should be long-term (5 years) and 

have sufficient power to provide assessments of all of the above-noted potential side 

effects. 

5. Conclusions: 

PTH and PTH, are potent horn&al stimulators of trabecular bone with potential 

skeletal effects similar to high-dose fluoride. All studies of PTH and PTH, preferably 

should be done with a concomitant antiiesorptive, or should include at least one arm with 

a concomitant antiresorptive. Any treatment with unopposed PTHiPTH, should be 

limited to one year and followed by antiresorptive therapy. An important consideration 

in trials of PTHLPTH, will be exclusion criteria. Obviously patients with a 

previous history of long-bone fractures should not be included, and there may be 

reasons for excluding any patient with any fracture or with femur BMD ~-2.5 SD. 

In addition, patients with a familial history, or individual history, for any of the noted 

potential side effects, or with risk factors for those side effects, should be excluded. With 

regard to endpoints, BMD by DEXA, or trabecular bone density by QCT, are not 

adequate surrogates for bone strength and fracture resistance with such treatment. BMD 

can be used as a safety variable for the femur neck and total body rather than spine BMD. 

Only clinical osteoporotic fracture should be used as an endpoint. Spinal deformation 
4 

(see enclosed report from the LunarNews on “fake fractures”) should not be used as a 

clinical endpoint because the deformations ascertained by this approach have little 

relevance to clinical reality. Finally, extensive safety studies need to be done with 

regard to Phase III trials, and these safety studies need to be continued into Phase 

Iv. 

5 



REFERENCES 

1. Li M, Liang H, Shen Y, Wronski TJ. (1999) Parathyroid hormone stimulates cancellous 
bone formation at skeletal sites regardless of marrow composition in ovariectomized rats. Bone 
24:95-100. 

2. Whitfield JF, Morley P, Willick GE. (1999) The bone-building action of the parathyroid 
hormone. Drugs & Aging 15: 117-129. 

3. Jerome CP, Johnson CS, Vafai HT, Kaplan KC, Bailey J, Capwell B, Fraser F, Hansen L, 
Ramsay H, Shadoan M, Lees CJ, Thomsen JS, Mosekilde L. (1999) Effect of treatment for 6 
months with human parathyroid hormone (l-39 peptide in ovariectomized cynomolgus monkeys 

* (macaca fascicularis). Bone 25:301-309. 

4. Hirano T, Burr DB, Turner CH, Sato M, Cain RL, Hock JM. (1999) Anabolic effects of 
human biosynthetic parathyroid hormone fragment (l-34), LY333334, on remodeling and 
mechanical properties of cortical bone in rabbits. JBone Miner Res 14:536-545. 

5. Hirano T, Burr DB, Cain RL, Hock JM. (2bOO) Changes in geometry and cortical porosity in 
adult, ovary-intact rabbits after 5 months treatment with LY333334 (hPTH l-34). CaZcifTissue 
ht 66:456-460. 

6. Mosekilde Li, Danielsen CC, Sogaard CH, McOsker JE, Wronski TJ. (1995) The anabolic 
effects of parathyroid hormone on cortical bone mass, dimensions and strength--assessed in a 
sexually mature, ovariectomiz~ed rat model. Bone 16:223-230. 

7. Steiniche T, Christiansen P, Vesterby A, Ullerup R, Hessov I, Mosekilde Le, Melsen F. 
(2000) Primary hyperparathyroidism: bone structure, balance, and remodeling before and 3 
years after surgical treatment. Bone 26:535-543. 

8. Sowers MF, Holli!BW, Shapiro B, Randolph J, Janney CA, Zhang D, Schork MA, 
Crutchfield M, Stanczyk F, Russell-Aulet M. (1996) Elevated parathyroid hormone-related 
peptide associated with lactation and bone density loss. JAm Med Assoc 276:549-554. 

9. Hodsman AB, Fraher LJ, Watson PH, Ostbye T, Stitt LW, Ada&i JD, Taves DH, Drost D. 
(1997) A randomized controlled trial to compare the efficacy of cyclical parathyroid hormone 
versus cyclical parathyroid hormone and sequential calcitonin to improve bone mass in 
postmenopausal women with osteoporosis. J Clin Endocrinol Metab 82:620-628. 

10. Cosman F, Lindsay R. (1998) Is parathyroid hormone a therapeutic option for osteoporosis? 
A review of the clinical evidence. CalcifTissue Int 62:475-480. 

11. Gallagher JC. (1999) PTHrP( l-34) analog, semparatide acetate (RS-6627 l), causes 

6 



sustained increases in spine in postmenopausal osteoporotic women: two randomized placebo- 
controlled trials. JBone Miner Res 14(Suppl l):S137. 

12. Kurland ES, Cosman F, McMahon DJ, Rosen CJ, Lindsay R, Bilezikian JP. (1998) 
Parathyroid hormone (PTH l-34) increases cancellous bone mass markedly in men with 
idiopathic osteoporosis. Bone 23(Suppl):S158. 

13. R&master RS, Bolognese M, Ettinger MP, Hanley DA, Hodsman ASB, Kendler DL, Rosen 
CJ. (2000) Enhancement of bone mass&r osteoporotic women with parathyroid hormone 
followed by alendronate. J Clin Endocrinoi Metab 85:2129-2134. 

14. Lane NE, Sanchez S, Modin GW, Genant UK, Pierini E, Arnaud CD. (1998) Parathyroid 
hormone treatment can reverse corticosteroid-induced osteoporosis. J CZin Invest 102: 1627- 
1633. 

15. Lindsay R, Nieves J, Formica C, Henneman E, Woelfert L, Shen V, Dempster DW, Cosman 
F. (1997) Randomized controlled study of effect of parathyroid hormone on vertebral-bone 
mass and fracture incidence among postmenopausal women on oestrogen with osteoporosis. 
Lancet 350:550-556. 

16. Lindsay R, Hodsman A, Genant H, Bolognese M, Ettinger M. (1998) A randomized 
controlled multi-center study of 1-84hPTH for treatment of postmenopausal osteoporosis. Bone 
23(Suppl):S175. 

17. Roe EB, Sanchez SD, del,Puerto GA, Pierini E, Bacchetti P, Cann CE, Arnaud CD. (1999) 
Parathyroid hormone l-34 (hPTH l-34) and estrogen produce dramatic bone density increases in 
postmenopausal osteoporosis--results from a placebo-controlled randomized trial. J Bone Miner 
Res 14(Suppl l):S137. 

18. Horwitz M, Stewp A, Greenspan SL. (2000) Editorial: sequential parathyroid 
hormone/alendronate therapy for osteoporosis--robbing Peter to pay Paul? J Clin Endocrinol 
Metab 85:2127-2128. 

19. Marx CW, Dailey GE, Cheney C, Vint VC, and Muchmore DB. (1992) Do estrogens 
improve bone mineral density in osteoporotic women over age 65? JBone Miner Res 7: 1275- 
1279. 

20. Alexandersen P, Riis BJ, Christiansen C. (1999) Monofluorophosphoate combined with 
hormone replacement therapy induces a synergistic effect on bone mass by dissociating bone 
formation and resorption in postmenopausal women: a randomized study. J Clin Endocrinol 
Metab 84:3013-3020. 

21. Schnitzler CM, Wing JR, Raal FJ, vd Merwe MT, Mesquita JM, Gear KA, Shires R. (1999) 

7 



Addition of bisphosphonate to fluoride therapy reduces adverse fluoride effects on bone quality 
and improves efficacy. JBone Miner Res 14(Suppl l):S276. 

22. Riggs BL, Melton LJ III, O’Fallon WM. (1996) Drug therapy for vertebral fractures in 
osteoporosis: evidence that decreases in bone turnover and increases in bone mass both 
determine antif?acture efficacy. Bone 18: 1973-20 1 S. 

23. Bell KL, Loveridge N, Power J, Garrahan N, Meggitt BF, Reeve J. (1999) Regional 
differences in cortical porosity in the fractured femoral neck. Bone 24:57-64. 

24. Jordan GR, Loveridge N, Bell KL, Power J, Rushton N, Reeve J. (2000) Spatial clustering 
of remodeling osteons in the femoral neck cor@x: a cause of weakness in hip fracture? Bone 
26:305-313. 

25. Cann CE, Roe EB, Sanchez SD, Amaud CD. (1999) PTH effects in the femur: envelope- 
specific responses by 3DQCT in postmenopausal women. J Bone Miner Res 14(Suppl 1):s 137. 

26. Kenny AM, MacGillivray DC, Pilbeam CC, Crombie HD, Raisz LG. (1995) Fracture 
incidence in postmenopausal women with primary hyperparathyroidism. Surgery 118: 109- 114. 

27. Khosla S, Melton LJ III, Wermers RA, Crowson CS, O’Fallon WM, Riggs BL. (1999) 
Primary hyperparathyroidism and the risk of fracture: a population-based study. JBone Miner 
Res 14:1700-1707. 

28. Heath H. (199 1) Clinical spectrum of primary hyperparathyroidism: evolution with 
changes in medical practice and technology. JBone Miner Res 6:S63-S70. 

29. Ljunghall S, Rastad J, Akerstrom G. (1994) Primary hyperparathyroidism: prevalence, 
pathophysiology, pertinent findings and prognosis. Bone Miner Res 8: l-44. 

30. Jorde R, Sundsfj&d J. (2000) Bone mineral density and blood pressure in patients with 
asymptomatic hyperparathyroidism. The Tromso Study. JIntern Med 247:325-330. 

3 1. Rostand SG, Drueke TB. (1999) Parathyroid hormone, vitamin D, and cardiovascular 
disease in chronic renal failure. Kidney Int 56:383-392. 

32. Okamoto T, Gerstein HC, Obara T. (1997) Psychiatric symptoms, bone density and non- 
specific symptoms in patients with mild hypercalcemia due to primary hyperparathyroidism: a 
systematic overview of the literature. Endocrine Journal 44:367-374. 

33. Glerup H, Mikkelsen K, Poulsen L, Hass E, Overbeck S, Andersen H, Charles P, Eriksen 
EF. (2000) Hypovitaminosis D myopathy without biochemical signs of osteomalacic bone 
involvement. Calczj”Tissue Inti 66:419-424. 

8 



34. Deutch SR, Jensen MB, Christiansen PM, Hessov I. (2000) Muscular performance and 
fatigue in primary hyperparathyroidism. World J Surg 24: 102- 107. 

35. Gaya SB, Rees AJ, Lechler RI, Williams G, Mason PD. (1995) Malignant disease in 
patients with long-term renal transplants. Transplantation 59: 1705-l 709. 

36. Maissonneuve P, Agodoa L, Gellert R, Steart JH, Buccianti G, Lowenfels AB, Wolfe RA, 
Jones E, Disney AP, Briggs D, McCredie M, Boyle P. (1999) Cancer in patients on dialysis for 
end-stage renal disease: an internationa& collaborative study. Lancet 354:93-99. 

, ’ 

37. McCarty MF. (2000) Parathyroid hormone may be a cancer promoter--an explanation for 
the decrease in cancer risk associated with ultqviolet light, calcium, and vitamin D. Med , 
Hypotheses 541475-482. 

38. Port FK, Ragheb NE, Schwartz AG, Hawthorne VM. (1989) Neoplasms in dialysis 
patients: a population-based study. Am JKidney Dis 14: 119- 123. 

39. Vamvakas S, Bahner U, Heidland A. (1998) Cancer in end-stage renal disease: potential 
factors involved. Am JNephrol 18:89-95. ’ 

40. Palmer M, Adami HO, Krusemo UB, Ljunghall S. (1988) Increased risk of malignant 
diseases after surgery for primary hyperparathyroidism. A nationwide cohort study. Am J 
Epidemiol 127:1031-1040. 

4 1. Hedback G, Oden A. (1998) Death risk factor analysis in primary hyperparathyroidism. 
Eur JClin Invest 28:lOl l-1018. 

42. Hedback G, Oden A. (1998) Increased risk of death fi-om primary hyperparathyroidism--an 
update. Eur J Clin Invest 28:27 l-276. 

* 



EXHIBITS CAN VIEWED IN THE 
DOCKETS MANAGEMENT PUBLIC 

READING ROOM 
5630 FISHERS LANE, ROOM 1061 


